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DEVICE FOR LIMITING THE LATERAL BUCKLING OF THE TENSILE ARMOR 

PLIES OF A FLEXIBLE PIPE 

The present invention relates to a device for 
limiting the lateral buckling of the tensile armor plies of a 
flexible pipe. 

The flexible pipe at which the present invention is 
aimed is, in particular, of the unbonded type and used in 
offshore production. Flexible pipes as defined in the 
American Petroleum Institute recommendation API 17J generally 
comprise one or more polymer layers and metal reinforcing 
layers such as tensile armor plies, a carcass and/or a 
pressure vault. The nature, number, size and organization of 
these layers are essentially determined by the conditions of 
use of the flexible pipes concerned and by the way they are 
laid, as defined in recommendation API 17 J. 

When the flexible pipe, regardless of its nature, is 
subjected to an external pressure Pe that is higher than the 
internal pressure, axial compression may arise and this is 
known as the reverse end-wall effect. The reverse end-wall 
effect has a tendency to compress the armor and to shorten 
the length of the flexible pipe and increase its diameter, 
this increase in diameter having the effect of causing the 
armors to swell and, under certain conditions, for example 
with an unsealed external sheath and regardless as to whether 
the pipe is straight or curved, the armors can buckle in a 
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radial mode and take on a "bird cage" shape . Another mode of 
buckling of the tensile armors due to the compressive 
stresses that they experience due to the reverse end-wall 
effect is what is known as lateral buckling, which can arise 
when the flexible pipe is bent and regardless of the 
condition of the external sheath. This lateral buckling is 
often accompanied by overlapping of the armor wires of any 
ply which, when they part laterally under too high a stress, 
overlap the armor wire next to them. 

When the polymer external sheath of the flexible pipe 
is punctured for any reason, the pressure in the annulus, 
which is delimited between said external sheath and the 
pressure sheath and in which the tensile armors are placed, 
is equal to the hydrostatic pressure. Under such conditions, 
the external sheath is no longer pressed firmly against the 
tensile armors and radial swelling of said tensile armors, 
likely to arise following the ingress of water into the 
annulus, is no longer prevented by the external sheath. 

Furthermore, the friction existing between the armor 
plies and generated by the combination of the effects of the 
external pressure and of the dynamic stresses is likely to 
cause the wires to migrate and therefore to cause a localized 
increase in the lateral clearances between the wires of one 
and the same armor ply. The appearance of these clearances 
leads, under certain conditions, to lateral buckling of the 
armor wires, this occurring regardless of the condition of 
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the external sheath. 

One of the solutions adopted for reducing the risk of 
lateral and/or "bird cage' 7 radial buckling and for reducing 
the armor swelling connected with the reverse end-wall effect 
was to wind tapes or layers of aramid fibers such as "Kevlar" 
around the last armor ply. In that way, the armor plies were 
thus allowed to swell by an amount AR which had to be less 
than half the thickness of the last armor wire. Thus, the 
swelling of the armor plies was limited while also reducing 
the risk of the armor plies overlapping. 

However, while this solution is able to solve the 
problems associated with radial buckling, all it can do is 
limit the risk of lateral buckling, which remains. This is 
because, depending on the conditions of use of the flexible 
pipe and, in particular, when this pipe experiences static 
stresses due to the reverse end-wall effect which are 
combined with variations in curvature and with dynamic 
stresses in use, the phenomenon of lateral buckling remains. 
Now, when an armor wire moves laterally as a result of 
lateral buckling, it carries with it the other armor wires of 
the ply- The result is that the flexible pipe is, if not 
destroyed, at least rendered unservicable , and has to be 
changed because repairing a flexible pipe is not an 
economically viable proposition. 

In a flexible pipe comprising a sealed external 
sheath, the rubbing of the plies against each other generates 
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contact pressure which causes the armor wires to move; the 
experts say that the armor wires "migrate" . As a result of 
these successive and, repeated movements, the armor wires end 
up becoming inelastic because of plastic deformation. These 
migrations of the armor wires may lead to the formation of a 
small clearance between the successive turns and, during 
compression or shortening of the flexible pipe, lateral 
buckling of the armors occurs. 

Already known, from the documents US 5 73 0 188, 
WO 01/33129 or US 5 275 209, are windings of antiwear layers 
wound around the tensile armor layers. These antiwear layers 
are known in API 17 J. They are made of a polymer and their 
sole purpose is to reduce the wear of the plies by reducing 
friction between the plies, preventing metal-to-metal contact 
of the shaped wires that make up the plies. These layers have 
no effect on lateral buckling. 

It is an object of the present invention to overcome 
the aforementioned disadvantages and to propose a solution 
that can be used both in the case of a rough bore flexible 
pipe, that is to say one comprising a metal carcass by way of 
innermost element, and in a smooth bore flexible pipe, in 
which the innermost element is a plastic sheath. 

The subject of the present invention is a device for 
limiting the lateral buckling of the tensile armor plies of a 
flexible pipe in accordance with claim 1. 

One advantage of the present invention lies in the 
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fact that each armor ply is prevented from swelling radially 
by the retention layer that surrounds it regardless of the 
condition of the external polymer sheath and in particular 
when the latter is not sealed, whether or not this absence of 
sealing is intentional, so that the risk of lateral buckling 
of the armor plies is greatly reduced. 

According to another feature of the invention, the 
second retention layer has a stiffness K 2 which is greater 
than the stiffness K x of the first layer, so that a clearance 
is formed between the upper armor ply and the second 
retention layer during swelling, if swelling occurs. In that 
way, the two armor plies are independent of one another and 
the rubbing- together of the armor plies which may occur when 
the flexible pipe is being bent, is, if not entirely 
eliminated, at least greatly reduced so that the risk of 
lateral buckling is greatly reduced. 

Another advantages lies in the fact that the apparent 
total stiffness KT of the assembly is greater than the sum of 
the stiffnesses K x + K 2 . In this way, less material is used 
in the retention layers, and this is advantageous from an 
economical point of view especially when the retention layers 
are made of Kevlar which is a particularly expensive 
material . 

Other advantages and features will become apparent 
from reading about one embodiment of the present invention 
and from the appended drawings in which: 
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figure 1 is a partial perspective view of a flexible 
pipe equipped with a device as claimed in the invention; and 

figure 2 is a view in longitudinal section of the 
pipe of figure 1. 

The pipe depicted in figure 1 comprises, from the 
outside inward, at least one external polymer sealing sheath 
1, a first retention layer 2 of total stiffness K x wound 
around an upper tensile armor ply 3, a lower tensile armor 
ply 4 and an internal polymer sheath 5. The tensile armor 
plies are obtained by long-pitch winding of a shaped metal or 
composite wire in opposite directions. The structure of a 
flexible pipe like the one described hereinabove is the 
simplest that can be produced. Indeed, those skilled in the 
art know that when the lay angles of the wires that make up 
the upper 3 and lower 4 armor plies are close to 55°, and in 
opposite directions, the presence of a pressure vault, like 
the one depicted in figure 1 and referenced 6, is not 
essential. Likewise, just two armor plies 3 and 4 are 
depicted, although in general other armor plies may be wound 
around the longitudinal axis of the pipe. The armor ply 3 is 
said to be the upper one because it is the last one, starting 
from the inside of the pipe, before the external sealing 
sheath 1. Likewise, when reference is made to a retention 
layer 2, this means that it may be made up of several bands, 
ribbons, tapes or unitary elements wound with a short pitch 
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contiguously and/or one over the other, around the upper 
armor ply 3. The unitary elements of the retention layers 
have high longitudinal strength along their longitudinal axis 
and low longitudinal compression strength. Such a low 
compression strength is desired so as to significantly reduce 
the radial clamping forces of the laying tensioners during 
the various flexible-pipe-handling operations. Thus, the 
unitary stabilizing elements may be made of various 
appropriate materials, for example they may be formed using a 
woven or nonwoven made of aramid fiber. It is also possible 
to use a flat textile tape consisting of a more or less 
rectangular central section and of two longitudinal edges 
which are thinner than the central section, as described in 
Patent Application FR 01 10 818 in the name of the applicant 
company. The internal polymer sheath 5 surrounds a metal 
carcass 7 which consists of the short -pitch winding of an 
interlocked metal strip or shaped wire about the longitudinal 
axis, the winding angle of which is close to 80 or 90°. 

The flexible pipe thus described, in a simple 
structure, is said to be a rough bore pipe because it has a 
metal carcass 7 by way of innermost element. Were the 
flexible pipe not to have a metal carcass and were it to have 
the polymer sheath 5 as its innermost element, it would then 
be said to be a smooth bore pipe. Regardless of the type of 
flexible pipe, the device as claimed in the invention can be 
used in said flexible pipe. 
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According to the invention, a second retention layer 
8 is arranged around the lower armor ply 4, said retention 
layer having a defined stiffness K 2 . Of course, when the 
flexible pipe has several armor plies lying below the upper 
armor ply 3, these would be considered to be lower layers and 
a retention layer of defined stiffness K would be wound 
around each of them, it being emphasized that the stiffnesses 
K of each of the lower armor plies could be the same or could 
differ if necessary. In the preferred embodiment of the 
invention, the stiffness K 2 of the lower retention layers 
with respect to the first retention layer 2 considered as 
being the upper retention layer differs from the stiffness 
K P As a preference, the retention layers 2 and 8 are made of 
a very strong material such as the material known by the name 
of Kevlar and more generally from an aramid. The stiffness K 
of a retention layer is the constant connecting the maximum 
swelling of the armor ply retained by said retention layer 
with respect to its initial position (absolute clearance AR) 
to the pressure P exerted on the armor ply, this being so, in 
the case of an unsealed sheath, for a straight flexible pipe. 
This then gives the equation AR = P/K. For a given structure, 
the constant is dependent on the lay angles of the armor 
plies and on the wrapping angles of the retention layer and 
on parameters and properties of the material of which the 
unitary elements that make up the layer used are made. It is 
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determined during the flexible pipe design phase so as to 
limit the clearance AR to below a desired value of u k" times 
the thickness e of the armor wire of the layer, for example 
below 0.3e. This maximum clearance is determined for a 
straight flexible pipe. When the pipe is bent, this clearance 
is distributed nonunif ormly, in a way that can be calculated. 

Thus, as each lower armor ply 4 is made independent 
of the others via the retention layer that surrounds it, 
radial swelling is, if not prevented, at least limited to a 
desired value, and this is so regardless of the condition of 
the external polymer sheath 1 and, in particular, if the 
sheath is punctured. What then happens, if the external 
sheath 1 is punctured or torn, is that water enters the 
flexible pipe and such an invasion of its annulus causes 
radial swelling of the armor and encourages phenomena 
associated with the lateral buckling of the tensile armors to 
occur. 

When swelling occurs for any reason, for example due 
to the reverse end-wall effect, each lower ply 4 is either 
prevented from swelling or limited in its swelling as a 
result of the clamping exerted on it by the adjacent 
retention layer. 

In the foregoing, when reference is made to the 
stiffness K, K x or K 2 , it must be understood that the 
stiffness in question is the total stiffness of the retention 
layer. 
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In the embodiment, the stiffness IC> of the lower 
retention layer 8 is greater than the stiffness K x of the 
upper retention layer 2. In general and when the flexible 
pipe has several retention layers as is the case when there 
is more than one lower armor ply, each of them then being 
associated with a retention layer, the stiffness of the 
retention layers decreases from the inside of the flexible 
pipe outward. In other words, the stiffness of the lowermost 
retention layer is higher than that of the next retention 
layer lying above it, and so on as far as the upper retention 
layer 2 which has a lower stiffness than each of the other 
retention layers of the flexible pipe. 

Thus, when the armor plies swell radially, for 
example as a result of the reverse end-wall effect, a 
clearance is produced between the retention layer and the 
armor ply lying above it. This small clearance makes each 
subassembly, consisting of a retention layer and an 
associated lower armor ply, almost independent of the other 
similar subassemblies and of the upper armor ply 3. Because 
of the presence of the controlled radial clearance between 
the various subassemblies, the upper armor ply is not 
retained as firmly as the armor ply lying below, and the 
radial clearance created is controlled in such a way that, 
between two successive subassemblies, it is at most equal to 
3 0% of the thickness e of the armor wire. Thus, a structure 
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is obtained in which the various armor plies are dissociated 
from one another by virtue of the appearance of the radial 
clearance, thereby advantageously making it possible to 
eliminate interactions caused by friction between the armor 
plies, which interactions, as recalled earlier, present a 
significant risk of lateral buckling. In addition, as the 
armor plies are held tightly within the retention layers, it 
then follows that the risk of the armor wires of any one 
layer overlapping is very greatly reduced, if not to say 
completely eliminated. When the stiffnesses K x and K 2 are 
identical, the armor plies will swell by the same amount AR 
with respect to their initial position. They will therefore 
remain separated only by the retention layer (the same 
displacement, and therefore no radial clearance is created) . 
However, the armor plies will be retained independently of 
one another, thus reducing contact pressures between them and 
therefore reducing migration phenomena in any one armor ply 
and consequently the risks of lateral buckling. As may be 
seen, the present invention can be defined by two aspects. 
The first aspect concerns the reduction in contact pressures 
between the armors, which is one cause of lateral buckling, 
it being emphasized that this reduction is obtained even when 
K x = K 2 , as was specified above. The second aspect concerns 
the maintaining of the clearance AR' , which is the relative 
clearance between each armor ply during radial swelling 
(punctured sheath and straight flexible pipe) and which 
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differs from the clearance AR, which is the absolute 
clearance with respect to the initial position before 
swelling. The clearance AR' is kept below a defined value, 
which is preferably fixed at 3 0% of the thickness e of the 
armor wire. The purpose of keeping the clearance below 3 0% of 
the thickness e is to reduce the risk of overlap in any one 
ply, even when the flexible pipe is bent. 

Another advantageous aspect of the present invention 
is that the total amount Q TI of Kevlar needed to hold each 
armor ply is less than the amount Q TA that would be needed in 
the solution of the prior art. What happens is that the 
single retention layer, consisting of one or several 
superposed layers wound around the upper armor ply, had to 
prevent the last armor ply from swelling by more than n times 
e and, preferably, less than 0.3e. This being the case, it 
was essential to use an amount of product Q TA that may be 
considered as being equal to a multiple of the unitary amount 
for preventing each ply from swelling by more than 0.3e. In 
other words, if Qi is needed for each armor ply, the total 
amount Q TA is equal to 20^ Because of the dissociation 
between the subassemblies of the present invention, an amount 
of product equal for example to Qi is needed to immobilize 
the lower armor ply and allow swelling of only less than 
0.3e. In the case of the armor ply lying immediately above, 
the amount of product Q' ± is lower because the allowed swelling 
can be as much as 0.6e. In consequence, the total amount Q TI of 
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product needed in the present invention is Q ± + Q'i < 2Q ± since 
< Q iB However, it must be emphasized that the amount Q TI 
needed to limit the relative swelling AR' between two armor 
plies to 30% of the thickness e is less than the amount Q TA 
needed in the prior art to limit the swelling AR of the armor 
plies to 30% of the thickness e, this being for the same 
given flexible pipe structure under the same conditions. 

This amounts to stating that the apparent total 
stiffness KT of the retention layers is greater than the sum 
of the stiffnesses K ± + K 2 + ... of each retention layer. 
Thus, less Kevlar is used around each retention layer. An 
arrangement considered to be optimal is the one in which 
K 2 = 2K 1# which results in there being the same relative 
clearance between the subassemblies. 

The small clearances or gaps that may arise between 
the subassemblies are less than 50% of the thickness e of the 
thinnest armor ply and preferably less than 0.3e. As recalled 
hereinabove, each retention layer can be made up of several 
unitary layers or elements superposed on one another. In this 
case, the tension in each unitary element of the retention 
layer is chosen so that it is less than 50% of the tensile 
strength of said unitary element. 

It goes without saying that the nature of the unitary 
elements within the same layer can be mixed. 
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